Abstract The aim of this work was to evaluate the physicochemical, instrumental color and texture, and sensory qualities of restructured tilapia steaks elaborated with small sized (noncommercial) tilapia fillets and different levels of microbial transglutaminase (MTG). Four concentrations of MTG were used: CON (0 % MTG), T1 (0.1 % MTG), T2 (0.5 % MTG), and T3 (0.8 % MTG). In addition, bacterial content and pH shifts were also evaluated during 90 days of frozen storage. The different levels of MTG did not affect (P>0.05) either the proximate composition of the restructured tilapia steaks or the bacterial growth during the frozen storage. MTG improved (P < 0.05) cooking yield and instrumental hardness and chewiness as well as sensory (salty taste, succulence and tenderness) attributes; strongly contributing to greater overall acceptance. Therefore, restructured tilapia steaks manufactured with MTG are potentially valued-added products with good consumer acceptance and better purchase-intention than steaks formulated with 0 % MTG.
Introduction
Nile tilapia (Oreochromis niloticus) is the most farmed fish in Brazil with a nation-wide distribution. In 2010, approximately 155.450 t of tilapia were produced, representing 39.4 % of the total farmed freshwater fish (MPA 2012) . Tilapia fillets are the most valuable products thus, most studies focused on its quality (Cozzo-Siqueira and Oetterer 2003; Monteiro et al. 2012; Soccol et al. 2005) , where the standardization of the fillet size is important. However, due to heterogeneity of the growth performance and rearing methods, the production of animals under the desired weight results in irregularity in the lots and rejection by the consumer causing economic loss (Vidotti and Gonçalves 2006) . This problem affects 12-14 % of fish farms (Lima 2008) .
Restructured meat technology represents an alternative method to increase the profit from irregular fillets. This technology frequently uses several ingredients and additives (polyphosphates, salt, starch, protein isolate and enzymes) to improve the binding strength between the meat pieces and the functional properties of the restructured meat products (Moreno et al. 2008; Ramírez et al. 2006) .
Microbial transglutaminase (MTG) is an enzyme that can modify the rheological properties of proteins, improving the desired mechanical properties of meat products (Flanagan et al. 2003; Moreno et al. 2008) . Currently, the effect of covalent cross-linking by this enzyme, particularly that from a microbial source, on the rheological properties of food proteins and product development have been studied by many researchers (Gonçalves and Passos 2010; Sanh et al. 2011; Suksomboon and Rawdkuen 2010) . The effect of MTG on the gel strength of fish meat varies with the species and the freshness, which is associated with the integrity, denaturation and degradation of myofibrillar proteins (Jiang et al. 2000) . Therefore, more studies of the binding efficiency of MTG in products made with fish muscles are necessary, particularly with Nile tilapia, which is widely cultivated worldwide.
In this context, the objective of this study was to evaluate the effect of different levels of MTG on the instrumental (color and texture), physico-chemical parameters of restructured tilapia steak prepared using sub-optimal sized fillets. Moreover, bacteriological and pH changes were monitored during frozen storage.
Material and methods

Tilapia samples
Six kilograms of tilapia fillets of a sub-optimal size were obtained from a fishery farm in Rio de Janeiro, Brazil. Immediately after harvesting, the tilapias were eviscerated, washed and filleted. Fillets samples were placed in polyethylene bags, placed on ice (4°C) and transported to the laboratory. The period from harvest to arrival at the laboratory did not exceed 2 h.
Preparation of the restructured tilapia product
The fillets were randomly divided into four equal groups (CON, T1, T2 and T3). The formulation comprised chilled water, sodium polyphosphate, sodium chloride, garlic powder and onion powder. In addition, MTG (Active WM, Ajinomoto Co. Inc., Kawasaki, Japan) was added in different concentrations according to the formulation: CON (0 %), T1 (0.1 %), T2 (0.5 %) and T3 (0.8 %) (Table 1) . Each treatment was manually homogenized during 10 min to allow even distribution of the ingredients, then the batter was tube-casted using polyvinyl chloride film (PVC) forming 6-cm diameter cylinders. The ends were twisted and sealed and several punctures were made using a syringe needle to release the entrapped air. During the entire processing period, the samples did not exceed 12°C. The cylinders were stored under refrigeration for cold binding at 4°C for 24 h. After the binding stage, the PVC film was removed and the cylindrical-shaped samples were sliced into steaks of 1.0 cm thick. Finally, the steaks were individually packed in polyethylene bags, sealed and frozen (−18°C) until further analysis.
Proximate analysis
The proximate compositions (moisture, lipid, protein and ash content) were determined according to the AOAC recommendations (AOAC 2000) . Four replicates were performed for each treatment and mean value was calculated.
Bacteriological analysis
Enterobacteriaceae, Staphylococcus aureus, total aerobic mesophilic (TAMB) and psychrotrophic bacterial (TAPB) counts, and Salmonella spp. contents were determined as described by APHA (2001) . Analyses of the total coliforms, thermotolerant coliforms and Escherichia coli were performed in accordance with Merck's methodology (Merck 2000) . The serial dilutions were prepared according to Conte-Júnior et al. (2010) . The described bacterial analyses were performed only on the first day of storage to determine the initial bacterial loads of the raw tilapia fillets and the treatments (CON, T1, T2 and T3). The results were obtained from mean value of three replicates for each treatment.
Frozen storage monitoring
Enterobacteriaceae, TAMB and TAPB counts (APHA 2001) were performed at 0, 15, 30 and 45 days during frozen storage. In addition, the pH value of a homogenized solution of 10 g of muscle sample in 90 mL of distilled water were measured on each of these days using a digital pH meter (Digimed® DM-22) equipped with a DME-R12 electrode (Digimed®) (ConteJúnior et al. 2008) . These analyses were performed in three replicates for each treatment and the results were averaged.
Cooking yield
The cooking yield was calculated from the difference between the weights of the raw and cooked samples after they were tempered to 25°C, and expressed as a percentage of the initial weight (Boles and Swan 1996) . Raw steaks were grill-cooked until the temperature at the geometric centre reached 75°C. Four replicates were performed for each treatment and mean value was calculated.
Instrumental color analysis
Color parameters were measured using a CR 400 colorimeter (Konica Minolta Inc., Osaka, Japan) and expressed as L* (lightness), a* (redness), and b* (yellowness) values. Raw steaks were thawed at 4°C for 5 h and maintained for 1 h at 25°C to allow color development. Measurements were averaged from both planar surfaces. The grilled steaks were bisected to expose the inner surface followed by 1 h tempering at 25°C. The color readings were averaged from both inner planar surfaces (Monteiro et al. 2013) . The results were obtained from mean value of eight replicates for each treatment.
Instrumental texture analysis
Texture profile analysis (TPA) of the raw and cooked tilapia restructured steaks was performed using TA XT plus texture analyser (Stable Micro Systems Ltd., Surrey, UK) and the Texture Expert for Windows software (Stable Micro Systems), and were expressed as hardness, springiness, cohesiveness, chewiness and resistance values (Canto et al. 2012) . The samples were thawed as previously described for the color analysis. The samples were compressed to 50 % of their original thickness using a 75-mm diameter cylindrical metal probe (P/75). Two compression cycles (pre-test speed: 10 mm/ s; test speed: 5 mm/s and post-test speed: 10 mm/s; time between compressions: 5 s) were performed. These analyses were performed in ten replicates for each treatment and the results were averaged.
Sensory analysis
Quantitative descriptive analysis
The sensory profile of the raw and cooked products were obtained from eight trained panellists, including three men and five women between the ages of 24 and 31, using quantitative descriptive analysis (QDA) (Stone et al. 1974) . The panellists were students in the graduate course of the Department of Food Technology of the Universidade Federal Fluminense. The recruitment was conducted by individual oral interviews. During training, the panellists defined the attributes (color, flavor, taste and texture) with their respective descriptors, references and perception intensities (Table 2 ) through an open discussion among the panel members that was moderated by a leader. The color was evaluated in raw samples previously thawed as described for the instrumental color and texture analyses. Further attributes were evaluated after cooking the samples as described for the cooking yield analysis. After identification of the attributes and references, training with the descriptive terms was performed. Samples were cut into four pieces and presented to trained panel at 25°C on disposable white plastic plates. All samples were evaluated under laboratory conditions and a total of 9 sessions were conducted. A cream cracker without salt and mineral water at 25°C were offered to cleanse the palate between samples.
For the final evaluation, the trained panellists analyzed three replicates of the samples in individual booths. The samples were served in a monadic way, encoded with a three-number identifier and presented in a balanced order using a 9-cm linear non-structured quantitative perception intensity scale.
Acceptance and consumers testing
The sensory analyses were performed in individual booths by 60 untrained panellists (22 men and 38 women, between the ages of 19 and 51). The samples were evaluated after cooked as described previously. The restructured tilapia steaks were randomly presented on white plastic plates at 25°C. The appearance, cooked color, flavor, odor, texture, succulence and overall acceptance were evaluated according to a ninepoint hedonic scale (1-extremely disliked, 5-neither disliked, nor liked and 9-extremely liked) (Dornelles et al. 2009; Stone and Sidel 1998) . Additionally, the salty taste, spicy taste and firmness were evaluated using a nine-point Just-About-Right (JAR) scale (1-extremely too little salty/ spicy taste or firm; 5-just about right; 9-extremely too much salty/spicy taste or firm) according to Cervantes et al. (2010) .
Statistical analyses
Physico-chemical, instrumental color and texture, and sensory parameters were analyzed using one-way ANOVA at 95 % of confidence level to compare the mean values for each parameter between the treatments; data was further analysed using Tukey test when means were considered different (P<0.05). These analyses were performed by using GraphPad Prism® (GraphPad Software, San Diego, California, USA). In addition, PCA statistical test was performed to verify the parameters that were influenced of determinant way with MTG increment. PLS statistical test was performed to verify if the determinant parameters contributed positively or negatively to the overall acceptance of the MTG samples. In addition, penalty analysis was performed to analyse the JAR data to identify possible alternatives for product improvement. Pearson's correlation at a 5 % significance level (P<0.05) was performed to correlate the instrumental and sensory data (color and texture parameters). The PCA, PLS, penalty analysis and Pearson's correlation were performed using XLSTAT version 2012.6.08 (Addinsoft, Paris, France) software.
Results and discussion
Proximate composition MTG did not affect (P>0.05) the proximate composition of restructured tilapia steaks (Table 3) . Our results are in agreement with Chin and Chung (2003) , who reported no difference (P<0.05) in the proximate composition of restructured meat products (sausages) manufactured with 0 % MTG or with 0.1, 0.2 and 0.3 % MTG. Uran et al. (2013) studied different levels of MTG (0.5 and 1.0 %) in chicken breast patties, and observed that MTG did not affect ash, lipid and protein contents when compared to the control samples. Nonetheless, the formulation containing 1 % of MTG exhibited lower (P<0.05) moisture content than control and the formulation containing 0.5 % of MTG. The addition of MTG induced protein crosslinking in the gel matrix, potentially enhancing the waterholding capacity of the gel (Han et al. 2009 ), and decreasing the moisture content (Qiao et al. 2001) . Based on our results and other literature reports, the use of MTG up to 0.8 % does not affect the proximate composition.
Bacteriological analysis
Salmonella spp. and Staphylococcus aureus were not detected in the samples. The total coliform, thermotolerant coliform, Escherichia coli, Enterobacteriaceae, TAMB, and TAPB concentrations were within the official limits (ICMSF 1986) for raw materials and in all of the treatments, indicating rather low bacterial contents in the products. CON, T1, T2 and T3 contained exhibited 3.0-3.5 Log CFU/g of TAMB and 2.0-3.0 Log CFU/g of Enterobacteriaceae in all of the treatments. Furthermore, CON, T1, T2 and T3 contained TAPB concentrations <3 Log CFU/g (P>0.05). This suggests that, under controlled conditions, the bacterial safety of restructured tilapia steaks was not compromised by the addition of the ingredients and the manufacture procedure.
Frozen storage monitoring
The TAMB (Fig. 1a) and TAPB (Fig. 1b) counts remained constant (P>0.05) during the frozen storage, suggesting that MTG did not affect the growth rate of these microorganisms. All samples exhibited similar bacterial loadings (3.0-3.5 and 2.0-2.5 Log CFU/g for TAMB and TAPB, respectively) at the end of experiment, demonstrating that the bacterial quality of the samples was not compromised. Figure 1c illustrates a minimal growth (< 1 Log CFU/g) of Enterobacteriaceae until the 30th day of frozen storage. The Enterobacteriaceae bacterial loading increased (P<0.05) at 45 days, reaching values between 2.0 and 3.0 Log CFU/g in all treatments. The observed initial reduction of Enterobacteriaceae bacterial load until the 30th day is potentially due to cell injury caused by the frozen storage with posterior adaptation at 45 days. The bacterial concentrations in all treatments were within the range limits established by the International Commission on Microbiological Specification for Foods (ICMSF 1986) .
The pH values (Fig. 1d) were not affected (P>0.05) by the storage period. However, the observed greater (P<0.05) pH values in T1, T2 and T3 than CON, was not dependent of the storage time. This result is potentially due to the chemical reactions catalysed by MTG involving water molecules in the food matrix. This enzyme improves the water-holding capacity of proteins either by increasing their ability to swell and bind water or by inducing the formation of a gel sieve entrapping the water molecules (Ionescu et al. 2008) . Moreover, in the absence of amine substrates, transglutaminase is capable of catalysing the deamination of glutamine residues, where water is used as a nucleophile and ammonia is liberated, resulting in alkalization of the medium (Macedo et al. 2010 ). In agreement with our results, Han et al. (2009) suggested that MTG potentially promoted an increased in the pH values of pork myofibrillar proteins.
Cooking yield
The CON tilapia steaks exhibited a lower (P<0.05) cooking yield (78.24) than the other treatments (Table 3) . Amongst the MTG treated steaks, T3 had the highest (P<0.05) cooking yield (86.21 %), potentially due to the MTGinduced strong protein interactions, improving the waterholding capacity and consequently, increasing the cooking yield (Suksomboon and Rawdkuen 2010) . Our data were consistent with previous studies investigating the effect of MTG on the physico-chemical parameters of chicken meat-balls (Tseng et al. 2000) , pork batter gels (Pietrasik and Li-Chan 2002) , pork myofibrillar proteins (Han et al. 2009 ), and ostrich meat-balls (Suksomboon and Rawdkuen 2010) . In accordance with the results of this study, Puolanne and Peltonen (2013) reported that a higher water-holding capacity can be obtained by increasing the pH value in meat products.
Texture measurements
Raw restructured tilapia steaks MTG increased hardness (P<0.05), nonetheless it decreased springiness and chewiness (Table 3) . T3 exhibited the lowest (P<0.5) springiness amongst all treatments. Cohesiveness was not affected by the MTG addition (P>0.05). In agreement with our results, Uresti et al. (2003) observed that the addition of 0.1 and 0.3 % of MTG in fish gel decreased its chewiness; furthermore, the addition of 0.3 % of MTG increased springiness. Ramírez et al. (2006) reported that hardness was increased while cohesiveness was not affected when 0.3 % of MTG was added to restructured fish products. In addition, Moreno et al. (2010a) observed that restructured trout minced meat treated with 1.0 % MTG had greater hardness than their control counterparts. In contrast, adding MTG (to 0.1 and 0.3 %) decreased the hardness of fish gels (Uresti et al. 2003), 0.3 % MTG had no effect on the springiness of restructured fish products (Ramírez et al. 2006 ) and 1.0 % MTG increased the cohesiveness of restructured trout mince (Moreno et al. 2010a ). The increased hardness observed in the restructured tilapia steaks containing MTG is potentially due to MTG-induced proteins cross-linking (Moreno et al. 2010b; Ramírez et al. 2006) . Small quantities of MTG (0.1 %) improve the meat pieces cohesion (Heinz and Hautzinger 2007) . Moreno et al. (2010a) concluded that a concentration of 0.5 % MTG was sufficient to obtain satisfactory mechanical properties in restructured raw hake products.
Cooked restructured tilapia steaks
After cooking, T1, T2, and T3 steaks exhibited lower (P<0.05) hardness and chewiness than CON ones (Table 3) . This result could be linked to the greater cooking yield promoted by MTG addition. According to Sen (2005) , one of the most important factors of the eating quality of meat is texture, which is mainly governed by water-protein interactions. No differences (P>0.05) were observed in springiness, cohesiveness and resistance amongst all treatments. This study suggests that MTG (up to 0.8 %) could improve the mechanical properties of restructured tilapia steaks, even at low salt level (1.5 %).
Although MTG activity occurs independently from the presence of salts and protein isolates, these ingredients are commonly used to increase the protein extractability and concentration, thereby improving the activity of MTG (Jarmoluk and Pietrasik 2003) . Ramírez et al. (2000) investigated the effect of NaCl concentration in the myosin aggregation and documented that myofibrillar proteins require at least 2.0 % salt for optimal solubilisation. Ham-like products manufactured using restructured carp meat (Hypophthalmichthys molitrix) manufactured using a massaging technique (Ramírez et al. 2002) exhibited greater mechanical properties when the proteins were solubilised with 2.0 % of salt than when solubilised with 1.0 % of salt. Nevertheless, the addition of MTG, followed by controlled heating, considerably improved the textural properties of fish minced meat when different matrices and experimental conditions were applied. This indicates that MTG enzymes exhibit species-specific activity and temperature optima, which may be related to the temperature of the fish habitat and the degree of purity of the enzyme (Binsi and Shamasundar 2012) .
Instrumental colour measurements
Raw restructured tilapia steaks
No differences (P>0.05) in L*, a*, and b* values were observed amongst all treatments (Table 3 ). In accordance with our results, Uresti et al. (2003) , Chin and Chung (2003) , and Uran et al. (2013) reported no differences (P>0.05) in the color parameters of fish gels, restructured meat and chicken breast patties treated with different levels of MTG (0.5-1.0 %), respectively. Moreno Different symbols over the bars indicate significant differences between of storage periods and; CON and MTG-treatments (P<0.05) et al. (2008) documented that to prevent color changes in meat products, the enzyme must react at approximately 5°C for up to 48 h. These conditions are similar to those used in our study.
Cooked restructured tilapia steaks
There was no difference in the lightness values amongst the treatments (P>0.05; Table 3 ). Nonetheless, T1 exhibited greater (P<0.05) a* and b* values when compared to CON. In agreement with our results, Cofrades et al. (2011) reported that the cooking process decreases the redness and increases the lightness and yellowness, resulting in a whiter coloration in restructured poultry. Although differences in the measured color values of cooked restructured tilapia steaks were observed, our data demonstrate that the addition of MTG did not negatively affect the lightness of the MTG-treated product. Additionally, light color is one of the most important visual traits of tilapia product perceived by consumers (Medri et al. 2009 ). Therefore, the results indicate the application potential of these MTG concentrations in restructured tilapia steaks.
Quantitative descriptive analysis (QDA)
T1 exhibited lower (P<0.05) tilapia flavor and tilapia taste than other treatments (Table 4) . Salty taste and succulence were increased by MTG addition, regardless of the concentration used. T1, T2, and T3 exhibited a greater (P<0.05) tenderness and lower (P<0.05) cohesiveness than CON. There were no differences (P>0.05) in the raw color, cooked color or overall texture amongst all treatments. QDA is of great importance in food product development because it is performed with trained panellists (Resurreccion 2003) . In our study, a salty taste, succulence and tenderness were considered to be relevant sensory traits for the development of restructured tilapia steaks. Han et al. (2009) suggested that MTG increases the water-holding capacity of proteins, potentially improving textural attributes, such as succulence and tenderness. Dimitrakopoulou et al. (2005) reported that MTG did not negatively affect firmness, succulence, color, aroma, taste, and saltiness of restructured pork shoulder; nonetheless, it improved the consistency and overall acceptability. Our data are in accordance with those of Moreno et al. (2010b) , who observed that samples containing 1.5 % NaCl and 1.0 % MTG exhibited greater succulence than the other treatments (0.5-4.0 % NaCl and 0.5-1.0 % MTG).
Principal component analysis
Principal component analysis (PCA) explained 84.25 % of total data variance (Fig. 2) in which texture and taste attributes were the most relevant. This result supports the QDA data. The first principal component, PC1, represented 48.07 % of the total variation whereas the second principal component described 36.18 % of the total variation. MTG treatments (T1, T2 and T3) were outlined by greater salty taste, tenderness and succulence values, with lower cohesiveness than CON. Additionally, salty taste, tenderness, succulence and cohesiveness, perceived by the consumers in the QDA, were highly correlated with both principal components, indicating that these were the relevant parameters for differentiating the treatments. The Pearson's correlation coefficients indicated a strong association amongst cooking yield, textural and sensory attributes. The most important correlations were between cooking yield and sensory attributes were tenderness (r=0.83), succulence (r=0.91), salty taste (r=0.91), and between sensory salty taste and sensory succulence (r=0.90). These results explain the greater tenderness and succulence of the MTG-treatments, which provided a greater cooking yield when compared to CON as well as a greater salty taste, which were highly correlated to succulence. According to Desmond (2006) , the increase in the water-holding capacity of meat positively affects the cooking yield, thereby increasing tenderness and succulence of the meat product. Moreover, this study indicates a possible relation between the salty taste and the cooking yield, suggesting that the addition of MTG as well as salt potentially improve the water-holding capacity and the perceived saltiness, which positively contribute to the overall acceptance (Monteiro et al. 2013 ). In addition, were documented correlation between sensory cohesiveness and sensory tenderness (r=−0.95), and sensory cohesiveness and sensory succulence (r=−0.91). Cohesiveness is determined as the amount of product deformation rather than its rupture when forces are applied (Civille 2011) . The negative correlation between the textural parameters (cohesiveness, tenderness and succulence) found in this study, suggests an inverse relationship where the increase on succulence and tenderness, is associated with a decrease in cohesiveness.
Consumers' sensory testing
Hedonic scale testing
All of the treatments received high scores (above 7.0) for the assessed attributes, except for flavour, taste and succulence in CON, and flavour in T1 (Table 4) . No differences (P>0.05) were observed in appearance, cooked color, flavor, taste and texture attributes amongst all treatments, indicating that untrained panellists could not differentiate between CON and MTG-treated steaks based on these attributes. Additionally, T2, and T3 were rated with greater (P<0.05) succulence and overall acceptance scores than control and T1, regardless of the MTG concentration. This fact potentially occurred due to the lower hardness and chewiness and greater cooking yield and tenderness values of T2 and T3 contributing to greater acceptability. CON exhibited greater sensory cohesiveness than the other treatments, and this attribute was negatively correlated to sensory tenderness (r=−0.95) and sensory succulence (r=−0.91). This result may have been a determinant factor for the lower acceptability of CON steaks. In general, tenderness and succulence of muscle foods strongly influence and drive consumer's acceptability, and are considered the major factors that determine the eating quality of meat (Brewer and Novakofski 2008) . The consumer test revealed that 88, 90 and 88 % of the consumers would purchase T1, T2 and T3 steaks, respectively. Similarly, CON would be purchased by 76 % of the consumers. These results suggest that the addition of MTG improved the purchase intention of the restructured tilapia steaks and some of their sensory proprieties (succulence, salty taste and tenderness) were essential for product acceptability by the consumer. The MTG can be used to improve the textural, functional and sensorial properties of meat products to appropriate for commercialisation (Ramírez et al. 2007 ).
Our results showed that MTG improves the acceptability of restructured tilapia steaks prepared using sub-ideal weight tilapia fillets, representing an alternative for the fish industry. In agreement our results, Gonçalves and Passos (2010) reported that a restructured fish product of white croacker containing MTG was positively perceived by consumers in regard to its appearance, flavor, taste and texture traits. Mahmood and Sebo (2009) observed better results in some attributes as colour, texture, flavour and consistency of cheese with 0.6 % of MTG when compared with control samples.
Just-about-right (JAR) profile T1, T2 and T3 had a salty taste and a spicy taste that increased with the increase of the MTG levels (Table 4) . Despite this fact, these attributes were close to ideal in all treatments (JAR=5.60, and 4.87 to 5.55, respectively). Firmness values were close to ideal (JAR=5.02 to 5.38) and no difference (P>0.05) was observed amongst the treatments. This result suggests that the consumers were unable to differentiate the restructured tilapia steaks manufactured with different MTG levels based on their texture. Moreno et al. (2010a) concluded that the MTG content (0.5 and 1.0 %) did not affect the sensorial firmness of cooked raw hake samples. They concluded that cooking the preparation at 70-80°C was sufficient to establish enough bonds to maintain the firmness of products restructured from raw hake muscle, particularly when the samples contained 1.5 % NaCl or more.
Partial least squares regression (PLSR) Figure 3 shows the relationships amongst QDA and instrumental parameters that contributed to the overall acceptance obtained using PLSR. The PLSR model explained 100.0 % of the consumer acceptance (Y-axis) and 84.1 % of the trained panellists sensory scores and the instrumental parameters (Xaxis), yielding an accumulated Q 2 of 0.980. The QDA and instrumental attributes were considered relevant when their respective variable importance in the projection was greater than 1.0 (Wold et al. 2001) .
Several sensory attributes (cooked color, cohesiveness and overall texture), instrumental cooked hardness, and several color parameters (raw b*, raw L* and cooked L* values) were detrimental to the overall acceptance, whereas other sensory attributes (salty taste, tenderness and succulence), several texture parameters (cooked cohesiveness and cooked springiness) and cooking yield positively contributed to the overall acceptance (Fig. 4) . In relation to the last parameters, T1 exhibited a lower cooked cohesiveness and cooked springiness than CON, T2 and T3, but this difference was not perceived by the consumers. In contrast, the consumers considered T1, T2 and T3 more salty, tender and succulent potentially due to greater cooking yield. These data suggest that the addition of MTG improved these sensory attributes; therefore, MTG improved the overall acceptance of the restructured tilapia steaks. In agreement with our results, Uran et al. (2013) evaluated the addition of 0.5 and 1.0 % of MTG in chicken breast patties and concluded that these MTG concentrations increased the cooking yield and improved textural properties.
Penalty analysis
Penalty analysis was applied to sensory data to identify the parameters (individually for each treatment) that can be improved to increase consumer acceptance, by combining the data from JAR profile and consumers' hedonic testing. The major detrimental attributes were those with >0.5 penalty score and >20 % occurrence. The firmness value penalised the overall acceptance of T2 and was perceived by 33 % of the consumers. This result was possibly related to the increased raw and cooked resistance in T2 steaks. The consumers described these steaks as slightly more firm than ideal (JAR=5.37). T3 was penalised for a too spicy taste by 33 % of the consumers. Moreover, the consumers concluded that these steaks were slightly spicier than ideal (JAR=5.55). Apparently, the high MTG level of this treatment contributed to enhance the spiciness perception. However, the consumers were not able to differentiate the treatments based on their texture and taste attributes; T2 and T3 had a greater overall acceptance (7.48 and 7.52, respectively) than other treatments. The salty taste did not penalise the overall acceptance of any treatments (CON, T1, T2 and T3), suggesting that this attribute positively contributed to the steaks acceptability.
Conclusions
The utilization of MTG in the development of restructured meat products is a viable tool for the food industry. This enzyme maintained the proximal composition and nutritional characteristics and improved the sensorial and textural attributes of the product. These advantages can be achieved by using a low concentration of MTG (0.5 %) in the product formulation. The restructured tilapia steak prepared from subideal weights fillets is a potential valued-added product with good acceptance and better purchase intention than steaks prepared with 0 % MTG.
